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INTRODUCTION 


The  discovery  of  elevated  radon  and  radon  progeny  concentrations 
in  homes  in  Butte,  Montana,  during  the  period  between  1978  and  1980 
prompted  the  Montana  Department  of  Health  and  Environmental  Sciences 
(DHES)  to  investigate  methods  of  reducing  indoor  concentrations  of 
radon  progeny. 

DHES  elected  to  first  test  the  effectiveness  of  air  cleaning 
devices  to  reduce  radon  progeny  concentrations.  The  reason  for  this 
selection  was  primarily  the  relatively  low  cost  of  these  devices. 

During  the  period  between  January  and  April  of  1980,  the  effective- 
ness of  air  cleaning  devices  was  tested  in  Apartment  Number  1407  of 
Silver  Bow  Homes  in  Butte.  Silver  Bow  Homes  is  a publicly-supported, 
low-income  housing  complex  located  near  the  intersection  of  Curtis  and 
Arizona  Streets.  Apartment  1407  is  a two-bedroom,  two-story  apartment 
centrally  located  in  building  14  of  the  Silver  Bow  Homes  Complex  (Figure  1) 
During  the  January  17  through  April  3,  1980,  testing  period  the  apartment 
was  vacant  and  unfurnished. 

The  floor  plan  of  Apartment  1407  is  shown  in  Figure  2.  Most  of  the 
testing  was  conducted  in  the  kitchen  and  living  room  areas  and  an  attempt 
was  made  to  use  one  of  the  upstairs  bedrooms  as  a control  sampling  location 
The  approximate  volumes  of  the  various  areas  in  the  apartment  are  presented 
in  Table  1. 

The  sampling  equipment  and  procedures  used  for  the  measurement  of 
radon  and  its  progeny  are  described  in  the  appendices  of  this  report. 
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FLOOR  PLAN  OF  SILVER  BOW  HOMES 
APARTMENT  1407 
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TABLE  1 


VOLUME  OF  LOCATIONS  IN  APARTMENT  1407 


Location 


Volume  (cubic  feet) 


Kitchen  & Utility 

1334 

Living  Room  & Stairway 

1770 

Bathroom 

285 

North  Bedroom 

1137 

South  Bedroom 

867 

Stairway  Landing  (2nd  floor) 

180 
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SECTION  A 


ELECTROSTATIC  PRECIPITATORS 

Autoflo,  Model  777A,  portable  electrostatic  air  cleaners  were  tested 
from  January  30  through  February  1,  1980,  in  apartment  1407  of  Silver  Bow 
Homes.  Manufacturer's  literature  states  that  the  air  cleaners  utilize  a 
two-stage  electrostatic  precipitator  to  filter  particles  down  to  0.03 
microns  and  are  up  to  99%  effective  in  the  removal  of  airborne  particles. 

A replaceable  activated  charcoal  filter  removes  smoke  and  odors  and  an 
inlet  lint  screen  traps  larger  particles  of  dust  and  lint.  A two-speed 
fan  circulates  room  air  through  the  cleaner  at  100  cfm  (low  speed)  or 
150  cfm  (high  speed). 

On  January  30  and  31,  1980,  three  of  the  above  air  cleaners  were 
tested  in  the  living  room  and  kitchen  of  apartment  1407.  The  positioning 
of  the  electrostatic  precipitators  and  sampling  locations  used  for  this 
test  are  shown  in  Figure  A-l.  All  upstairs  doors  in  the  apartment  were 
closed  during  the  test  and  all  three  electrostatic  precipitators  were 
operated  with  the  fan  speed  "high"  setting.  The  total  air  volume  moved  by 
the  precipitators  was  therefore  450  cfm.  The  air  volume  of  the  downstairs 
area  of  the  apartment  is  approximately  3100  cubic  feet.  Therefore,  assuming 
complete  mixing,  the  electrostatic  precipitators  were  cleaning  the  entire 
air  volume  once  each  6.9  minutes  or  8.7  times  per  hour. 

Table  A-l  contains  the  data  obtained  from  this  test.  The  sample  time 
given  in  the  table  for  the  integrated  radon  samples  is  the  midpoint  of  the 
actual  one-hour  sampling  period.  To  calculate  the  percentage  equilibrium 
it  was  assumed  that  the  radon  concentrations  remained  constant  during  the 
hour  after  the  sample  time. 
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Apartment  1411,  which  was  also  unoccupied  and  unfurnished,  was  used 
for  control  measurements  during  this  study. 

Table  A-l  data  are  plotted  in  Figures  A-2  and  A-3. 


6 


i 


FIGURE  A-l 

PLACEMENT  OF  ELECTROSTATIC  PRECIPITATORS 
IN  APARTMENT  1407  DURING  THE  JANUARY  30  & 31  TEST 
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TABLE  A-l 


TEST  OF  THREE  ELECTROSTATIC  PRECIPITATORS  OPERATING  AT  150  CFM  IN  KITCHEN  AND  LR 


Date 


1/30/80 


1/31/80 


Time 

Sample  Location 

WL 

Radon  in  pCi/1 

7o  Equili 

0944 

K 

0.056 

0950 

15.2* 

41 

1005 

LR 

0.057 

42 

1016 

S 

0.056 

1024 

K 

0.057 

42 

1030 

Turned  on  three  air 

cleaners 

1045 

K 

0.030 

12.6* 

22 

1057 

S 

0.042 

1100 

K 

0.026 

19 

1113 

K (apt.  1411) 

0.048 

35 

1115 

LR 

0.028 

20 

1130 

K 

0.028 

20 

1141 

SBR 

0.064 

12.4* 

1152 

S 

0.040 

1200 

K 

0.028 

20 

1230 

K 

0.024 

18 

1246 

LR 

0.030 

22 

1300 

K 

0.027 

20 

1304 

SBR 

0.057 

1318 

13.9 

1329 

K (apt.  1411) 

0.034 

25 

1330 

K 

0.030 

22 

1337 

16.8* 

1344 

S 

0.036 

1400 

K 

0.030 

22 

1418 

14.5 

1419 

LR 

0.036 

26 

1430 

K (apt.  1411) 

0.056 

41 

1430 

K 

0.024 

18 

1443 

SBR 

0.039 

1500 

K 

0.028 

20 

1508 

9.2* 

1518 

14.8 

1530 

K 

0.024 

18 

1532 

S 

0.046 

1541 

LR 

0.036 

26 

1545 

SBR 

0.047 

1600 

K 

0.034 

25 

1603 

14.1 

1618 

K (apt.  1411) 

0.060 

44 

0948 

4.8 

1017 

K 

0.026 

19 

1018 

14.1 

1019 

SBR 

0.029 

1025 

11.5* 

1031 

S 

0.040 

1034 

LR 

0.030 

22 

1055 

K 

0.025 

18 

1057 

K (apt.  1411) 

0.048 

36 
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TABLE  A-l,  Continued 


Date 

Time 

Sample  Location 

WL 

Radon  in  pCi/1 

1 Equilibrium 

1/31/80 

1112 

SBR 

0.033 

1118 

14.1 

1125 

K 

0.026 

19 

1137 

LR 

0.029 

21 

1149 

S 

0.036 

1155 

K 

0.024 

18 

1200 

Turned  air  cleaners 

off 

1204 

13.6* 

1213 

K (apt.  1411) 

0.058 

43 

1218 

13.6 

1230 

K 

0.048 

36 

1231 

SBR 

0.054 

1243 

LR 

0.052 

38 

1255 

S 

0.054 

1300 

K 

0.053 

39 

1318 

SBR 

0.049 

13.1 

1330 

K 

0.054 

40 

1342 

LR 

0.063 

47 

1357 

K (apt.  1411) 

0.070 

52 

1400 

K 

0.069 

51 

1409 

13.0* 

1418 

13.9 

*Radon  - grab  samples 

Average  radon  concentration  on  1/30/80  = 13.7  pCi/1 
Average  radon  concentration  on  1/31/80  = 13.5  pCi/1 


- 9 - 


FIGURE  A-2 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  ELECTROSTATIC  PRECIPITATORS  ON  JANUARY  30  & 31,  1980 
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FIGURE  A-3 


RADON  PROGENY  EQUILIBRIUM  DURING  TEST 
OF  ELECTROSTATIC  PRECIPITATORS  ON  JANUARY  30  & 31,  1980 
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During  the  test  periods  shown  in  Table  A-l,  the  radon  concentrations 
appeared  to  remain  almost  constant  and  were  therefore  treated  as  such. 

During  the  test  it  was  observed  that  the  radon  daughter  concentration 
dropped  from  a level  of  about  0.056  WL  to  about  0.027  WL  within  one-half 
hour  after  the  air  cleaners  began  operation.  The  concentration  remained 
quite  steady  at  about  0.027  WL  until  the  air  cleaners  were  turned  off  at 
12:00  noon  on  the  following  day.  The  levels  then  rose  quite  rapidly  and 
were  not  seen  to  stabilize  again  during  the  test  period. 

The  concentrations  of  radon  daughters  appear  to  have  been  increasing 
in  apartment  1411  during  the  sampling  periods  on  both  days  of  the  test. 

The  data  indicate  that  the  52%  reduction  (0.056  WL  to  0.027  WL)  of  radon 
daughter  concentrations  in  apartment  1407  can  be  attributed  to  the  operation 
of  the  electrostatic  air  cleaners. 

In  Figure  A- 3 it  is  observed  that  the  percent  equilibrium  also  fell 
52%  in  apartment  1407.  This  data  necessarily  reflects  the  results  in 
Figure  A-2  because  the  radon  concentration  was  assumed  to  be  constant. 

Two  electrostatic  air  cleaners,  one  in  the  living  room  and  one  in  the 
upstairs  north  bedroom,  were  tested  on  February  1,  1980.  All  upstairs 
doors  were  open  and  both  air  cl eaners -were  operated  at  high  speed  resulting 
in  a total  air  flow  of  300  cfm.  Air  volume  of  the  apartment  is  approximately 
5600  cubic  feet.  Assuming  thorough  mixing,  the  air  cleaners  were  filtering 
the  air  volume  once  each  18.6  minutes  or  3.2  times  per  hour.  Specific  air 
cleaner  placement  and  sampling  locations  are  shown  in  Figure  A-4. 

Table  A-2  contains  the  data  obtained  from  this  test.  The  sample  times 
given  for  the  radon  levels  are  the  midpoints  of  the  one-hour  integrated 
sampling  periods.  Percentage  equilibrium  was  calculated  assuming  that  the 
radon  concentration  remained  constant  during  the  test  period.  The  data 
from  Table  A-2  are  plotted  in  Figure  A-5. 


12  - 


FIGURE  A-4 


PLACEMENT  OF  ELECTROSTATIC  PRECIPITATORS 
IN  APARTMENT  1407  DURING  THE  FEBRUARY  1 TEST 
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AC1  and  AC2  = electrostatic  precipitator  locations 
SBR  and  K = radon  daughter  sampling  locations 
R = radon  integrated  sampler  location 
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TABLE  A- 2 


TEST  OF 

TWO  ELECTROSTATIC 

PRECIPITATORS  IN 

NORTH  BEDROOM 

AND  LIVING 

APARTMENT  1407  OF 

SILVER  BOW  HOMES 

, FEBRUARY  1, 

1980 

Radon 

Time 

Location 

WL 

pCi/1 

°l  Equil  ibi 

0818 

11.62 

0822 

SBR 

0.042 

0825 

K 

0.044 

38 

0853 

SBR 

0.046 

0855 

K 

0.044 

38 

0859  - 

two  precipitators 

on 

0918 

10.82 

0928 

SBR 

0.028 

0931 

K 

0.030 

26 

0958 

SBR 

0.034 

1000 

K 

0.026 

22 

1028 

SBR 

0.024 

1030 

K 

0.024 

21 

1048 

11.49 

1058 

SBR 

0.029 

1100 

K 

0.022 

19 

1118 

12.37 
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FIGURE  A-5 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  ELECTROSTATIC  PRECIPITATORS  ON  FEBRUARY  1,  1980 
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Operation  of  the  electrostatic  precipitators  lowered  the  radon 
daughter  concentrations  downstairs  from  0.043  WL  to  0.022  WL,  a 
reduction  of  49%.  Upstairs  the  concentration  fell  from  0.043  WL  to 
0.028  WL,  a reduction  of  35%.  The  smaller  reduction  of  radon  progeny 
upstairs  probably  resulted  from  less  efficient  mixing  of  the  air  upstairs 
than  downstairs. 

These  tests  indicate  that  the  indoor  radon  daughter  concentrations 
can  be  reduced  by  nearly  50%  through  the  use  of  electrostatic  precipitators. 
The  precipitators  would  have  to  be  operated  continuously  to  effect  a sig- 
nificant radon  daughter  reduction. 

The  air  cleaners  used  in  these  tests  produced  both  air  motion  and 
noise  levels  in  excess  of  those  which  could  be  tolerated  in  a dwelling. 

Also,  during  the  short  testing  period  of  this  equipment,  two  of  the  units 
required  factory  repair.  Over  a long  period  of  operation,  power,  main- 
tenance and  replacement  costs  of  this  type  of  equipment  could  be  prohibi- 
tive. The  maximum  reduction  in  radon  progeny  concentration  of  about  50% 
was  observed. 
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SECTION  B 


AUTOMATIC  HUMIDIFIER 

An  Arvin,  model  50H42-01,  self-cleaning  automatic  humidifier  was 
tested  on  February  6 and  7,  1980,  in  apartment  1407  of  Silver  Bow  Homes. 

The  humidifier  operates  by  forcing  air  through  a continuously  moving, 
moisture-laden  foam  belt.  The  unit  has  an  adjustable  humidistat  and  a 
maximum  output  capacity  rating  of  11.5  gallons  per  day  based  on  30% 
relative  humidity  at  75°  F.  A two-speed  fan  delivers  an  air  flow  of  235 
or  320  cfm. 

On  February  6,  1980,  the  humidifier  was  tested  in  the  living  room  of 
the  apartment.  The  upstairs  doors  were  kept  closed  during  the  test.  The 
locations  of  the  humidifier  and  sampling  points  are  shown  in  Figure  B-l. 

The  fan  of  the  humidifier  was  operated  at  its  highest  speed,  320  cfm. 
Therefore,  assuming  thorough  mixing,  the  fan  was  circulating  the  downstairs 
air  volume,  3100  cubic  feet,  once  each  9.7  minutes  or  6.2  times  per  hour. 

The  data  obtained  from  this  test  are  presented  in  Table  B-l.  The 
sample  time  given  for  the  integrated  radon  samples  is  the  midpoint  of  the 
actual  one-hour  sampling  period.  Percentage  equilibrium  was  calculated 
using  the  radon  concentrations  obtained  from  Figure  B-2. 
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FIGURE  B-l 


HUMIDIFIER  PLACEMENT  AND  SAMPLING  POINTS 
DURING  THE  FEBRUARY  6 TEST 


First  Floor  - Apt.  1407 
Sil ver  Bow  Homes 


North 

Bedroom 

Stair- 

case 
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L, 

Stairs 
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lloset 

Bath 

Second  Floor  - Apt.  1407 
Silver  Bow  Homes 


R = location  of  integrated  radon  sampler 
RG  = location  of  radon  grab  sample 
K,  LR,  SBR  = locations  of  radon  daughter  grab  samples 
H = location  of  humidifier 
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TABLE  B-l 


TEST  OF  PORTABLE  HUMIDIFIER  IN  LIVING  ROOM 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  FEBRUARY  6,  1980 


Radon 


Time 

Location 

WL 

pCi/1 

7o  Equili 

0819 

K 

0.087 

15.7 

55 

0821 

15.4 

0830 

SBR 

0.060 

0832 

LR 

0.085 

55 

0912 

K 

0.079 

51 

0919 

15.6 

0931 

SBR 

0.070 

0935 

LR 

0.077 

49 

0945 

17.9 

0955 

K 

0.092 

57 

1000 

Humidifier  on  (high) 

, upstairs 

doors  closed 

1003 

SBR 

0.076 

1015 

LR 

0.087 

51 

1019 

17.0 

1030 

K 

0.092 

53 

1045 

SBR 

0.064 

1100 

K 

0.098 

53 

1116 

LR 

0.096 

1119 

19.5 

1131 

K 

0.103 

53 

1145 

SBR 

0.072 

1200 

K 

0.099 

51 

1215 

LR 

0.099 

51 

1219 

19.8 

1231 

K 

0.082 

42 

1245 

SBR 

0.074 

1300 

Humidifier  off 

1300 

K 

0.104 

53 

1315 

LR 

0.096 

49 

1318 

20.3 

1330 

K 

0.100 

51 

1345 

SBR 

0.054 

1401 

K 

0.103 

53 

1415 

LR 

0.110 

56 

1418 

19.0 

1430 

K 

0.106 

54 

1445 

SBR 

0.070 

1500 

K 

0.100 

51 
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FIGURE  B-2 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  AUTOMATIC  HUMIDIFIER  ON  FEBRUARY  6,  1980 


X Kitchen  Radon  Daughter  Grab  Sample 
0 South  Bedroom  Radon  Daughter  Grab  Sample 
o Radon  Grab  Sample 

• Radon  Integrated  Sample 
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Percent  Equilibrium 


FIGURE  B-3 


RADON  PROGENY  EQUILIBRIUM  DURING  TEST 
OF  AUTOMATIC  HUMIDIFIER  ON  FEBRUARY  6,  1980 


X Kitchen  Samples 
O Living  Room  Samples 
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It  can  be  seen  from  Figure  B-2  that  the  concentration  of  radon 
daughters  in  the  downstairs  area  was  not  reduced  during  the  operation 
of  the  humidifier.  The  upstairs  concentrations  remained  fairly  level 
during  the  same  period. 

The  percentage  equilibrium  of  radon  daughters  to  radon  was  also 
plotted.  Figure  B-3  shows  quite  plainly  that  there  was  no  significant 
reduction  in  the  equilibrium  in  the  downstairs  area  during  the  test 
period. 

A second  attempt  to  reduce  the  radon  daughter  concentration  by 
the  use  of  the  humidifier  was  made  on  February  7,  1980.  During  this 
test  the  unit  was  operated  in  the  north  bedroom  on  the  second  floor  of 
the  apartment.  The  doors  to  the  north  and  south  bedroom  were  kept 
closed  during  the  testing  period.  The  humidifier  fan  was  operated  at 
its  highest  setting,  320  cfm.  Therefore,  assuming  thorough  mixing,  the 
air  volume  of  the  north  bedroom,  about  1140  cubic  feet,  was  recycled  by 
the  fan  once  each  3.6  minutes  or  16.9  times  per  hour. 

The  locations  of  the  humidifier  and  sampling  points  are  shown  in 
Figure  B-4.  The  results  of  the  test  are  presented  in  Table  B-2  and 
Figure  B-5. 
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FIGURE  B-4 


HUMIDIFIER  PLACEMENT  AND  SAMPLING  POINTS 
DURING  THE  FEBRUARY  7 TEST 


Living  Room 


Util- 
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RG 


First  Floor  - Apt.  1407 
Silver  Bow  Homes 


Second  Floor  - Apt.  1407 
Silver  Bow  Homes 


R = location  of  integrated  radon  samples 
RG  = location  of  radon  grab  sample 
H = location  of  humidifier 

K,  NBR,  SBR  = location  of  radon  daughter  grab  samples 
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TABLE  B-2 


TEST  OF  PORTABLE  HUMIDIFIER  IN  NORTH  BEDROOM  (SBR  & NBR  DOORS  CLOSED) 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  FEBRUARY  7,  1980 


Radon 


Time 

Location 

WL 

pCi/1 

% Equilibrium 

0819 

10.64 

0904 

NBR 

0.029 

0905 

SBR 

0.016 

0919 

K 

0.022 

10.24 

21 

0930 

NBR 

0.034 

0931 

SBR 

0.015 

0955 

NBR 

0.028 

0956 

SBR 

0.014 

1000  Humidifier  on  (fan  at  high)  in  north  bedroom 


1015 

K 

0.032 

29 

1019 

11.19 

1030 

NBR 

0.016 

1031 

SBR 

0.017 

1100 

NBR 

0.013 

1101 

SBR 

0.026 

1115 

K 

0.036 

32 

1119 

11.12 

1130 

NBR 

0.018 

1131 

SBR 

0.016 

1200 

NBR 

0.023 

1201 

SBR 

0.020 

1215 

K 

0.031 

27 

1219 

11.19 

1230 

NBR 

0.016 

1231 

SBR 

0.017 

1300 

NBR 

0.018 

1301 

SBR 

0.017 

1315 

K 

0.034 

28 

1319 

11.91 

1330 

NBR 

0.015 

1331 

SBR 

0.031 

1400 

NBR 

0.024 

1401 

SBR 

0.018 

1415 

K 

0.046 

38 

1430 

NBR 

0.022 

1440 

12.70 

1431 

SBR 

0.021 

1502 

NBR 

0.018 

1503 

SBR 

0.034 

1510 

Humidifier  off 
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FIGURE  B-5 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  AUTOMATIC  HUMIDIFIER  ON  FEBRUARY  7,  1980 


X Kitchen  Radon  Daughter  Grab  Sample 
n North  Bedroom  Radon  Daughter  Grab  Sample 
0 Radon  Grab  Sample 


0.100 


9.0S0 


0.080 


0.070 


0.060 

0.050 

0.040 

0.030 

0.C20 

0.010 


C\J 


25 


The  concentration  of  radon  daughters  in  the  north  bedroom  dropped 
from  about  0.030  WL  to  about  0.018  WL  during  the  test.  During  the  same 
period  the  levels  in  the  south  bedroom  remained  nearly  constant  or 
slightly  increased.  Assuming  that  without  the  operation  of  the  humidifier 
the  levels  in  the  north  bedroom  would  have  remained  nearly  constant,  as 
occurred  in  the  south  bedroom,  the  humidifier  resulted  in  a radon  daughter 
reduction  of  about  40%. 

The  data  from  the  humidifier  test  are  inconclusive.  It  appears  that 
if  there  is  sufficient  air  turnover  the  humidifier  may  result  in  some 
reduction  in  radon  daughter  concentrations. 

During  both  tests  it  should  be  noted  that  the  humidistat  was  at  its 
maximum  setting.  This  resulted  in  uncomfortably  high  humidity  levels  in 
the  north  bedroom  during  the  test  in  that  room. 

Based  upon  data  from  these  tests,  the  use  of  humidifiers  for  reduction 
of  radon  daughter  levels  does  not  appear  feasible. 
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SECTION  C 
AIR  FILTERS 

An  Edison  20-inch  window  fan  was  adapted  to  test  the  effectiveness 
of  two  types  of  air  filters  for  the  reduction  of  indoor  radon  daughter 
levels.  The  fan  was  used  to  pull  air  through  an  American  Air  Filter 
Company's  standard  fiberglass  furnace  filter  and  a Newtron,  Model  1-2020, 
electrostatic  air  cleaning  filter. 

An  Alnor,  type  8500,  Thermo-Anemometer  was  used  to  determine  the  air 
flow  rates  through  the  filters  (Table  C-l). 

TABLE  C-l 

AIR  FLOW  THROUGH  FILTERS  TESTED  FOR  EFFECTIVENESS 
IN  REDUCING  RADON  PROGENY  CONCENTRATIONS 


Fan  Speed 

Air  Flow  Through 
Standard  Furnace 
Filter  (cfm) 

Air  Flow  Through 
Newtron  Electrostatic 
Filter  (cfm) 

Low 

860 

— 

Medi urn 

1010 

700 

High 

1070 

760 

The  fan  with  the  standard  furnace  filter  attached  was  tested  in  the 
living  room  of  apartment  1407  of  Silver  Bow  Homes  on  February  14,  1980. 

During  the  test  the  fan  was  operated  at  its  medium  speed  setting  and  all 
upstairs  doors  were  kept  closed.  The  position  of  the  fan  and  the  sampling 
point  locations  are  shown  in  Figure  C-l. 

At  the  medium  speed  setting,  1010  cfm,  and  assuming  complete  air  mixing, 
the  fan  would  recirculate  the  air  in  the  downstairs  area,  3100  cubic  feet, 
once  each  3.1  minutes  or  19.5  times  per  hour. 

The  data  obtained  from  this  test  are  presented  in  Table  C-2  and  in 
Figure  C-2. 

- 27  - 


FIGURE  C-l 


FAN  PLACEMENT  AND  SAMPLING  POINTS 
DURING  THE  FEBRUARY  14  TEST 


F 

Living  Room 

Stair- 

case 

Util- 

K 

Ki tchen 

ity 

RG 

First  Floor  - Apt.  1407 
Silver  Bow  Homes 


North  Bedroom 

Stai r- 

case 

\ 1 

Stai rs 

y 

South  Bedroom 


Closet 


Bath 


SBR 


Second  Floor  - Apt.  1407 
Silver  Bow  Homes 


RG  = location  of  radon  grab  samples 
F = location  of  fan 
K and  SBR  = radon  daughter  grab  samples 
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TABLE  C-2 


TEST  OF  WINDOW  FAN  WITH  FURNACE  FILTER  IN  LIVING  ROOM 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  FEBRUARY  14,  1980 


Radon 


Time 

Location 

WL 

pCi/1 

% Equilit 

0834 

K2 

0.044 

29 

0845 

SBR 

0.009 

0900 

K2 

0.036 

15.0 

24 

0915 

SBR 

0.012 

0930 

K2 

0.034 

27 

0945 

SBR 

0.017 

0956 

K2 

0.036 

29 

1000 

11.3 

1001 

Fan  on  in 

living  room 

(medium) 

1015 

SBR 

0.016 

1030 

K2 

0.032 

28 

1045 

SBR 

0.019 

1100 

K2 

0.028 

12.7 

23 

1115 

SBR 

0.015 

1130 

K2 

0.026 

20 

1145 

SBR 

0.014 

1200 

K2 

0.027 

13.4 

19 

1215 

SBR 

0.016 

1230 

K2 

0.024 

15.6 

16 

1245 

SBR 

0.016 

1256 

K2 

0.022 

14 

1300 

15.5 

1301 

Fan  off 

1315 

SBR 

0.014 

1330 

17.8 

1332 

K2 

0.032 

19 

1345 

SBR 

0.016 

1400 

16.0 

1402 

K2 

0.032 

19 

1415 

SBR 

0.016 

1430 

K2 

0.036 

21 

1445 

SBR 

0.012 

1500 

K2 

0.034 

20 

i 
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FIGURE  C-2 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  FURNACE  FILTER  ON  FEBRUARY  14,  1980 
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Figure  C-2  shows  that  during  operation  of  the  fan  the  radon  daughter 
concentrations  fell  from  about  0.035  WL  to  about  0.025  WL,  a reduction  of 
29%.  At  the  end  of  the  test  the  level  rose  to  0.034  WL  indicating  a 
reduction  due  to  the  fan's  operation  of  27%.  During  this  entire  period 
the  concentrations  in  the  upstairs  bedroom  remained  relatively  constant. 

The  radon  concentrations  from  Table  C-2  were  used  to  calculate  the 
percentage  equilibrium.  From  Figure  C-3  it  is  seen  that  during  operation 
of  the  fan  equilibrium  values  downstairs  dropped  from  27%  to  17%,  a 37% 
reduction.  When  the  fan  was  turned  off  the  equilibrium  rose  again  to 
about  20%,  an  increase  of  15%. 

During  March,  1980,  the  fan  with  an  attached  Newtron  Products'  electro- 
static air  cleaner  was  tested  in  apartment  1407  of  Silver  Bow  Homes. 

On  March  18  and  again  on  March  25,  1980,  the  electrostatic  filter  was 
tested  while  operating  the  fan  at  its  medium  speed  setting.  During  both 
tests  the  fan  was  operated  in  the  living  room  with  the  upstairs  doors  closed. 
Operation  of  the  fan  at  its  medium  speed,  700  cfm,  would  result  in  the  air 
volume  of  the  downstairs  area,  3100  cubic  feet,  being  filtered  once  every 
4.4  minutes  or  13.5  times  per  hour.  The  fan  placement  and  the  sampling 
points  used  in  the  tests  are  shown  on  Figure  C-4. 

The  data  obtained  from  these  tests  are  shown  in  Tables  C-3  and  C-4 
and  Figures  C-5  and  C-6.  The  radon  data  were  obtained  from  one-hour 
integrated  samples.  The  sample  times  in  the  tables  are  the  midpoints  of 
the  actual  sampling  periods. 
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FIGURE  C-3 


RADON  PROGENY  EQUILIBRIUM  DURING  TEST 
OF  FURNACE  FILTER  ON  FEBRUARY  14,  1980 


X Kitchen  Sample 


C\J 
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FIGURE  C-4 


FAN  PLACEMENT  AND  SAMPLING  POINT  LOCATIONS 
DURING  TESTS  OF  NEWTRON  FILTER  ON  MARCH  18  AND  MARCH  25 
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F = location  of  the  filtering  system 
R = location  of  integrated  radon  samples 

NBR,  SBR,  Kl,  K2,  K3,  K4  = radon  daughter  grab  sample  locations 
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TABLE  C-3 


FAN  WITH  NEWTRON  FILTER  IN  LIVING  ROOM 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  MARCH. 18,  1980 


Time  Location  WL  Radon 


1356 

1406 

K1 

0.061 

1417 

SBR 

0.076 

1431 

K1 

0.060 

1443 

NBR 

0.040 

1455 

K1 

0.054 

1456 

1500 

1516 

NBR 

0.034 

1530 

K1 

0.050 

1545 

NBR 

0.038 

1556 

K1 

0.041 

1656 

16.2  pCi/1 


17.5  pCi/1 

Fan  w/NEWTRON  filter  on  (medium) 
in  living  room 


17.3  pCi/1 
17.6  pCi/1 
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FIGURE  C-5 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  NEUTRON  FILTER  ON  MARCH  18,  1980 
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TABLE  C-4 


FAN  WITH  NEWTRON  FILTER  (ON  MEDIUM  SPEED) 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  MARCH  25,  1980 


Radon 


Time 

Location 

WL 

pCi/1 

% Equilil 

0732 

23.9 

0830 

K 

0.072 

31 

0832 

23.4 

0845 

SBR 

0.042 

0900 

K 

0.080 

36 

0915 

SBR 

0.042 

0930 

K 

0.070 

33 

0932 

22.0 

0945 

SBR 

0.048 

0956 

K 

0.072 

34 

1001 

Fan  turned 

on 

1015 

SBR 

0.047 

1030 

K 

0.049 

24 

1032 

21.2 

1045 

SBR 

0.053 

1100 

K 

0.040 

19 

1115 

SBR 

0.046 

1130 

K 

0.038 

19 

1132 

21.2 

1145 

SBR 

0.050 

1200 

K 

0.036 

18 

1200 

K (SW  corner)  0.041 

20 

1211 

K (NE 

corner)  0.040 

20 

1215 

SBR 

0.046 

1222 

K (S  center)  0.032 

16 
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K 
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20 
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0.056 
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K 

0.050 

24 
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SBR 
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1400 
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0.056 

25 

1415 

SBR 

0.051 

1430 

K 

0.066 

29 
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1445 

SBR 

0.052 
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26 
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FIGURE  C-6 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  NEWTRON  FILTER  ON  MARCH  25,  1980 


X Kitchen  Radon  Daughter  Grab  Sample 
O South  Bedroom  Radon  Daughter  Grab  Sample 
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The  test  performed  on  March  18,  1980,  was  too  short  to  provide 
conclusive  evidence  of  the  amount  of  reduction  obtained.  The  radon 
daughter  concentrations  did  fall  during  the  fan's  operation  and  appeared 
to  be  still  falling  at  the  end  of  the  test  period.  During  the  test  the 
downstairs  levels  fell  from  0.054  WL  to  0.041  WL,  a reduction  of  24%. 

During  this  period  the  radon  levels  and  the  upstairs  radon  daughter  con- 
centrations remained  relatively  steady. 

The  rerun  of  the  preceding  test  occurred  on  March  25,  1980.  When  the 
fan  was  operating  the  radon  daughter  concentration  downstairs  feel  from 
about  0.073  WL  to  about  0.041  WL,  a reduction  of  44%.  The  concentration 
upstairs  remained  nearly  steady  or  slightly  increased  during  the  same  period 

A plot  of  the  percentage  equilibrium.  Figure  C-7,  shows  similar  results 
During  the  test,  the  percentage  equilibrium  dropped  from  about  33%  to  about 
20%  downstairs. 

On  March  19  and  26,  1980,  the  window  fan  with  the  Newtron  filter 
attached  was  tested  while  operating  the  fan  at  its  high  speed  setting. 

The  doors  to  the  upstairs  rooms  remained  closed  during  both  tests.  Opera- 
tion of  the  fan  at  the  high  speed  setting,  760  cfm,  would  result  in  the 
air  volume  of  the  downstairs  area,  3100  cubic  feet,  being  filtered  once 
each  4.1  minutes  or  14.7  times  per  hour. 

The  placement  of  the  filter  and  the  sampling  sites  are  shown  in 
Figure  C-8.  The  results  of  these  tests  are  shown  in  Tables  C-5  and  C-6 
and  in  Figures  C-9  and  C-10. 
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Percent  Equilibrium 


FIGURE  C-7 


RADON  PROGENY  EQUILIBRIUM  DURING  TEST 
OF  NEWTRON  FILTER  ON  MARCH  25,  1980 


X Kitchen  Sample 
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FIGURE  C-8 


PLACEMENT  OF  NEWTRON  FILTER  AND  SAMPLING  LOCATIONS 
DURING  MARCH  19  AND  MARCH  26  TESTS 
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F = location  of  fan 

R = integrated  radon  sample  site 

K and  SBR  = radon  daughter  grab  sample  sites 
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TABLE  C-5 


FAN  WITH  NEWTRON  FILTER  IN  LIVING  ROOM 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  MARCH  19,  1980 


Radon 


Time 

Location 

WL 

pCi/1  % Equilibri 

0756 

20.4 

0846 

K 

0.060 

31 

0856 

18.9 

0900 

K 

0.068 

36 

0915 

SBR 

0.058 

0930 

K 

0.047 

29 

0944 

SBR 

0.060 

0955 

K 

0.040 

28 

0956 

14.8 

1000 

Fan  w/ NEWTRON 

filter  on 

(high)  in  living  room 

1015 

SBR 

0.052 

1056 

11.6 

1030 

K 

0.027 

22 

1046 

SBR 

0.048 

1100 

K 

0.024 

21 

1115 

SBR 

0.044 

1130 

K 

0.019 

17 

1145 

SBR 

0.047 

1156 

11.2 

1200 

K 

0.020 

18 

1215 

SBR 

0.041 

1230 

K 

0.020 

18 

1245 

SBR 

0.032 

1256 

12.2 

1300 

K 

0.034 

29 

1305 

Fan  off 

1315 

SBR 

0.041 

1330 

K 

0.026 

22 

1345 

SBR 

0.042 

1356 

12.7 

1400 

K 

0.030 

24 

1415 

SBR 

0.048 

1430 

K 

0.034 

26 

1445 

SBR 

0.031 

1456 

13.9 

1500 

K 

0.042 

30 

1556 

15.3 
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TABLE  C-6 


FAN  WITH  NEWTRON  FILTER  (ON  HIGH  SPEED) 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  MARCH  26,  1980 


Radon 


Time 

Location 

WL 

pCi/T 

% Equil  ii 

0832 

26.9 

0845 

SBR 

0.048 

0900 

K 

0.113 

40 

0915 

SBR 

0.059 

0930 

K 

0.112 

40 

0932 

29.1 

0945 

SBR 

0.066 

1000 

K 

0.118 

41 

1014 

K 

0.122 

42 

1015 

SBR 

0.065 

1030 

K 

0.149 

51 

1032 

29.4 

1035 

Fan  turned  on 

1045 

SBR 

0.069 

1046 

K 

0.127 

43 

1100 

K 

0.116 

39 

1115 

SBR 

0.082 

1130 

K 

0.116 

39 

1132 

30.4 

1145 

SBR 

0.077 

1200 

K 

0.108 

36 

1215 

SBR 

0.080 

1230 

K 

0.110 

36 

1232 

30.6 

1244 

K 

0.108 

35 

1245 

SBR 

0.083 

1255 

K 

0.099 

32 

1300 

Fan  off 

1315 

K 

0.102 

33 

1315 

SBR 

0.076 

1330 

K 

0.110 

35 

1332 

30.9 

1345 

SBR 

0.097 

1400 

K 

0.118 

37 

1415 

SBR 

0.086 

1430 

K 

0.119 

37 

1432 

31.3 

1445 

SBR 

0.079 

1500 

K 

0.118 

36 

1532 

32.3 
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FIGURE  C-9 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  NEWTRON  FILTER  ON  MARCH  19,  1980 
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FIGURE  C-10 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  NEWTRON  FILTER  ON  MARCH  26,  1980 
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The  results  in  Figure  C-9  from  the  March  18,  1980,  test  are  incon- 
clusive. While  the  fan  was  operating  the  downstairs  radon  daughter 
concentrations  fell  from  0.040  WL  to  0.020  WL,  a reduction  of  50%. 

During  the  same  period,  however,  the  levels  in  the  closed  upstairs  bed- 
room nearly  parallel  the  downstairs  data.  Figure  C-9  shows  that  the 
radon  concentrations  follow  a pattern  similar  to  that  of  the  radon 
daughter  levels. 

The  March  26  test  results  in  Figure  C-10  are  again  inconclusive. 

Just  prior  to  starting  the  fan  the  radon  daughter  concentrations  down- 
stairs were  rising  sharply  to  a maximum  of  0.149  WL.  The  concentration 
fell  just  as  rapidly  immediately  after  the  fan  began  operation  to  about 
0.100  WL,  a drop  of  33%.  A more  realistic  initial  concentration  may  have 
been  0.112  WL,  which  is  also  the  level  to  which  the  concentration  returned 
after  the  fan  was  stopped.  These  levels  would  indicate  a reduction  of  11%. 
The  radon  and  the  upstairs  radon  daughter  concentrations  were  increasing 
during  the  entire  test  period. 

From  the  limited  testing  it  appears  that  the  Newtron  air  filters 
are  somewhat  effective  in  reducing  radon  daughter  concentrations.  In  all 
four  tests  the  levels  did  drop  from  30-50%  and  equilibrium  values  decreased 
by  20-40%. 

There  are  some  difficulties  with  the  use  of  the  filters  tested.  As 
with  the  standard  furnace  filters,  their  use  would  only  be  practical  in 
homes  with  central  heating  or  cooling  where  they  could  be  placed  in  the 
house  duct  works.  In  addition,  the  resistance  of  the  filter  to  air  flow 
may  reduce  the  furnace  or  air  conditioning  efficiency  to  an  unsatisfactory 
1 eve! . 
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SECTION  D 


ION  GENERATORS 

During  February-April , 1980,  DEV  Industries'  Air-Care  II  environmental 
system  was  tested  to  determine  whether  it  would  effect  significant  reduction 
in  indoor  radon  daughter  levels.  The  system  consists  of  negative  ion 
generators  and  positive  collectors  (field  electrodes)  used  singly  or  in 
various  combinations  as  an  air  cleaning  system. 

A single  pair  of  ion  generators  was  tested  in  apartment  1407  of 
Silver  Bow  Homes  on  February  21  and  22,  1980.  The  placement  of  the  nega- 
tive ion  generator  and  the  positive  field  electrode  and  the  sampling 
locations  are  shown  in  Figure  D-l.  The  data  from  the  test  are  presented 
in  Table  D-l  and  Figure  D-2.  From  Figure  D-2  it  does  not  appear  that  the 
single  pair  of  generators  in  the  locations  used  reduced  the  radon  daughter 
concentrations . 

In  Figure  D-3,  however,  when  percentage  equilibrium  values  are  plotted 
it  appears  that  during  the  first  day  of  the  test,  the  downstairs  equilibrium 
values  dropped  from  about  37%  to  25%,  a reduction  of  32%.  During  the 
second  day,  however,  when  the  generators  were  turned  off,  the  equilibrium 
values  downstairs  again  dropped,  this  time  from  about  39%  to  30%,  a 23% 
reduction.  Thus,  the  data  derived  from  this  test  remain  inconclusive. 
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FIGURE  D-l 


PLACEMENT  OF  ION  GENERATORS  AND  SAMPLING  LOCATIONS 
DURING  THE  FEBRUARY  21  & 22,  1980,  TEST 
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(-)  height  = 2' 

(+)  attached  to  ceiling 
(-)  = negative  ion  generator 

(+)  = positive  field  collectors 

R = integrated  radon  sample  site 
RG  = radon  grab  sample  site 
K,  LR,  SBR  = radon  daughter  grab  sample  sites 
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TABLE  D-l 

ION  GENERATOR  (NEGATIVE  IN  LR;  POSITIVE  IN  KITCHEN),  UPSTAIRS  DOORS  CLOSED 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  FEBRUARY  21  & 22,  1980 


Radon 


Time 

Location 

WL 

pCi/1 

°l  Equilil 

2/21/80  0952 

8.0 

1010 

K 

0.031 

36 

1022 

SBR 

0.030 

1030 

K 

0.044 

48 

1045 

SBR 

0.034 

1052 

10.1 

1132 

K 

0.044 

37 

1152 

13.8 

1200 

K 

0.051 

34 

1215 

SBR 

0.028 

1230 

K 

0.058 

35 

1245 

SBR 

0.027 

1252 

18.6 

1254 

K 

0.056 

30 

1300 

Ion  generators 

on 

1308 

14.2  (grab) 

1315 

SBR 

0.026 

1331 

K 

0.060 

27 

1345 

SBR 

0.032 

1348 

16.6  (grab) 

1352 

23.7 

1400 

K 

0.064 

27 

1406 

18.6 

1415 

SBR 

0.036 

1427 

18.5 

1430 

K 

0.055 

22 

1445 

SBR 

0.036 

1450 

LR 

0.064 

24 

1452 

26.3 

1552 

25.9 

2/22/80  0852 

11.7 

0915 

SBR 

0.016 

0930 

K 

0.048 

40 

0945 

SBR 

0.017 

0952 

12.2 

1000 

K 

0.046 

37 

1015 

SBR 

0.017 

1030 

K 

0.054 

43 

1036 

LR 

0.046 

37 

1045 

SBR 

0.018 

1052 

13.2 

1054 

K 

0.046 

36 

1100 

Ion  generators 

off 

1118 

SBR 

0.021 

1130 

K 

0.040 

31 

1145 

SBR 

0.020 

1152 

12.9 

1200 

K 

0.037 

28 

1215 

SBR 

0.024 
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TABLE  D-l,  Continued 


Radon 

Time 

Location 

WL 

pCi/1 

% Equilibrium 

1230 

K 

0.042 

31 

1245 

SBR 

0.021 

1252 

13.8 

1300 

K 

0.041 

30 

1352 

14.1 
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FIGURE  D-2 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  ION  GENERATORS  ON  FEBRUARY  21  & 22,  1980 
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O South  Bedroom  Radon  Daughter  Grab  Sample 
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On  March  28  and  April  1-2,  1980,  two  pairs  of  generators  were  tested  in 
the  living  room  and  kitchen  of  the  apartment.  The  upstairs  doors  were  closed 
during  both  these  tests. 

The  ion  generator  and  sampling  locations  used  for  the  March  28  test  are 
shown  in  Figure  D-4.  The  data  obtained  are  presented  in  Table  D-2  and  Figure 
D-5.  The  data  indicate  that  during  operation  of  the  ion  generators  the  levels 
fell  from  about  0.078  WL  down  to  about  0.057  WL,  a reduction  of  27%.  After  the 
generators  were  shut  off  the  levels  rose  quickly  to  about  0.080  WL  indicating 
that  a reduction  of  about  29%  may  have  been  achieved.  Percentage  equilibrium 
values  would  show  very  similar  results  as  the  radon  concentration  remained 
nearly  constant  during  the  test  period.  Also,  during  the  entire  test  the  radon 
daughter  concentrations  upstairs  increased. 
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FIGURE  D-4 


ION  GENERATOR  PLACEMENT  AND  SAMPLING  LOCATIONS 
DURING  THE  MARCH  28  TEST 
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K and  SBR  = radon  daughter  grab  sample  sites 
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TABLE  D-2 


ION  GENERATORS,  TWO  POSITIVE  AND  TWO  NEGATIVE 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  MARCH  28,  1980 


Radon 

Time  Location  WL  nCi/1 


0733 

19.7 

0833 

20.4 

0849 

SBR 

0.038 

0900 

K 

0.084 

0915 

SBR 

0.043 

0919 

K 

0.068 

0930 

K 

0.077 

0933 

20.4 

0941 

K 

0.083 

0945 

SBR 

0.049 

0946 

Ion  generators  on 

1000 

K 

0.061 

1015 

SBR 

0.050 

1030 

K 

0.058 

1033 

19.1 

1045 

SBR 

0.051 

1100 

K 

0.062 

1114 

SBR 

0.052 

1130 

K 

0.050 

1133 

19.1 

1145 

SBR 

0.052 

1156 

K 

0.057 

1201 

Ion  generators  off 

1215 

SBR 

0.060 

1230 

K 

0.064 

1233 

21.8 

1245 

SBR 

0.059 

1300 

K 

0.076 

1311 

SBR 

0.064 

1322 

K 

0.084 
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FIGURE  D-5 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  ION  GENERATORS  ON  MARCH  28,  1980 


X Kitchen  Radon  Daughter  Grab  Sample 
□ South  Bedroom  Radon  Daughter  Grab  Sample 
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On  April  1 and  2,  1980,  the  two  pairs  of  ion  generators  were  placed 
as  shown  in  Figure  D-6.  The  data  from  this  test  are  presented  in  Table  D-3 
and  Figure  D-7.  The  data  indicate  that  after  the  generators  began  operation 
the  radon  daughter  concentrations  fell  from  about  0.087  WL  to  about  0.042  WL, 
a reduction  of  52%. 

At  the  end  of  the  test  the  levels  rose  from  0.042  WL  to  at  least 
0.072  WL,  equivalent  to  a 42%  change,  but  still  appeared  to  be  increasing 
at  the  last  data  points. 

The  radon  daughter  concentrations  upstairs  were  rising  during  both 
sampling  periods.  The  values  did  fall  during  the  night,  however,  and  did 
parallel  the  downstairs  values  after  the  ion  generators  ceased  operation. 


FIGURE  D-6 


PLACEMENT  OF  ION  GENERATORS  AND  SAMPLING  LOCATIONS 
DURING  TEST  OF  ION  GENERATORS  ON  APRIL  1-2,  1980 
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TABLE  D-3 


ION  GENERATORS,  TWO  POSITIVE  AND  TWO  NEGATIVE 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  APRIL  1 & 2, 


Radon 


Time 

Location 

WL 

pCi/I 

4/1/80  1330 

K 

0.098 

1345 

SBR 

0.058 

1351 

23.0 

1400 

K 

0.090 

1415 

SBR 

0.056 

1430 

K 

0.087 

1444 

K 

0.083 

1445 

SBR 

0.060 

1451 

23.7 

1456 

K 

0.087 

1501 

Ion  generators 

on 

1515 

K 

0.073 

1516 

SBR 

0.063 

1530 

K 

0.064 

1545 

SBR 

0.068 

1551 

23.9 

1605 

K 

0.060 

1651 

23.2 

4/2/80  0851 

20.9 

0900 

K 

0.056 

0915 

SBR 

0.038 

0930 

K 

0.042 

0945 

SBR 

0.041 

0951 

21.4 

1000 

K 

0.040 

1016 

SBR 

0.046 

1030 

K 

0.042 

1044 

K 

0.045 

1045 

SBR 

0.043 

1051 

21.8 

1100 

K 

0.040 

1106 

Ion  generators 

off 

1115 

K 

0.044 

1119 

SBR 

0.046 

1130 

K 

0.046 

1145 

SBR 

0.044 

1151 

22.5 

1200 

K 

0.054 

1215 

SBR 

0.053 

1230 

K 

0.059 

1245 

SBR 

0.054 

1251 

22.6 

1300 

K 

0.060 

1315 

SBR 

0.062 

1330 

K 

0.064 

1345 

SBR 

0.064 

1351 

22.7 

1400 

K 

0.069 

1415 

SBR 

0.069 

1430 

K 

0.068 

1449 

K 

0.080 
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FIGURE  D-7 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  ION  GENERATORS  ON  APRIL  1 & 2,  1980 
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On  March  20  and  21,  1980,  three  negative  and  four  positive  ion 
generators  were  tested  in  the  living  room  and  kitchen  as  shown  in  Figure 
D-8.  The  data  from  this  test  are  shown  in  Table  D-4  and  in  Figure  D-9. 
The  data  indicate  that  after  the  generators  began  operation  the  radon 
daughter  concentration  fell  from  about  0.086  WL  to  about  0.035  WL,  a 
reduction  of  59%. 

As  in  the  preceding  test,  the  radon  daughter  concentrations  upstairs 
increased  during  the  first  day  of  sampling  but  overnight  fell  to  the  same 
level  as  downstairs.  Also,  when  the  generators  ceased  operations,  the 
upstairs  levels  paralleled  the  increase  seen  downstairs. 


- 60  - 


FIGURE  D-8 


PLACEMENT  OF  ION  GENERATORS  AND  SAMPLING  LOCATIONS 
DURING  TEST  OF  ION  GENERATORS  ON  MARCH  20  & 21,  1980 
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TABLE  D-4 


ION  GENERATORS,  FOUR  POSITIVE  AND  THREE  NEGATIVE,  LR  & KITCHEN 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  MARCH  20  & 21,  1980 


3/20/80 


3/21/80 


Radon 


Time 

Location 

WL 

pCi/1 

0851 

23.1 

0905 

K 

0.082 

0916 

SBR 

0.040 

0932 

K 

0.098 

0945 

SBR 

0.046 

0951 

24.9 

1000 

K 

0.086 

1016 

SBR 

0.054 

1030 

K 

0.085 

1045 

SBR 

0.050 

1051 

23.1 

1056 

K 

0.080 

1101 

Ion  generators 

on 

1115 

SBR 

0.058 

1130 

K 

0.054 

1145 

SBR 

0.064 

1151 

20.8 

1200 

K 

0.048 

1215 

SBR 

0.049 

1230 

K 

0.037 

1245 

SBR 

0.058 

1251 

20.4 

1300 

K 

0.036 

1315 

SBR 

0.059 

1330 

K 

0.034 

1345 

SBR 

0.060 

1351 

19.7 

1401 

K 

0.035 

1415 

SBR 

0.064 

1430 

K 

0.032 

1445 

SBR 

0.058 

1451 

19.3 

1500 

K 

0.031 

1551 

19.9 

0751 

20.7 

0848 

SBR 

0.037 

0900 

K 

0.036 

0915 

SBR 

0.035 

0930 

K 

0.040 

0932 

20.6 

0945 

SBR 

0.037 

1000 

K 

0.034 

1015 

SBR 

0.040 

1030 

K 

0.037 

1032 

20.1 

1045 

SBR 

0.039 

1056 

K 

0.038 
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TABLE  D-4,  Continued 


Time 

Location 

WL 

Radon 

pCi/1 

1101 

1115 

Ion  generators  off 
SBR 

0.051 

1130 

K 

0.044 

1132 

1145 

SBR 

0.042 

22.2 

1200 

K 

0.045 

1215 

SBR 

0.051 

1230 

K 

0.050 

1232 

1245 

SBR 

0.052 

22.4 

1300 

K 

0.058 

1315 

SBR 

0.056 

1330 

K 

0.066 

1332 

22.9 
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FIGURE  D-9 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  ION  GENERATORS  ON  MARCH  20  & 21,  1980 


pCt/1 


X Kitchen  Radon  Daughter  Grab  Sample 
□ South  Bedroom  Radon  Daughter  Grab  Sample 
• Radon  Integrated  Sample 


Date  and  Time 
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On  March  27,  1980,  four  pairs  of  ion  generators  were  tested  in  the 
downstairs  area  as  shown  in  Figure  D-10.  The  data  obtained  from  this 
test  are  given  in  Table  D-5  and  Figure  D-ll.  The  data  indicate  that  the 
ion  generators  resulted  in  a radon  daughter  reduction  from  about  0.081  WL 
to  about  0.034  WL,  a 58a  decrease.  The  concentrations  upstairs  appeared 
to  remain  relatively  stable  during  the  test. 

Since  the  radon  concentration  changed  significantly  during  the  test 
a plot  of  equilibrium  values  was  performed  (Figure  D-12).  From  Figure  D-12, 
the  equilibrium  downstairs  fell  from  about  35%  to  18%  while  the  generators 
were  in  operation. 

It  does  appear  from  these  preliminary  tests  that  the  Air-Care  II 
system  could  be  used  to  achieve  significant  reduction  of  radon  daughter 
concentrations  in  private  homes.  Depending  upon  the  number  of  generators 
used,  reductions  achieved  during  the  tests  varied  from  about  30-60%. 

Other  advantages  of  this  system  are  their  quiet  operation  and  their  non- 
dependence upon  a centralized  air  movement  system.  The  primary  disadvantages 
of  the  system  are  its  initially  higher  costs  and,  like  all  active  systems, 
it  would  require  continued  future  maintenance  and  operation  to  achieve 
effective  reduction  of  radon  daughter  concentrations. 
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FIGURE  D-10 


PLACEMENT  OF  ION  GENERATORS  AND  SAMPLING  LOCATIONS 
DURING  TEST  OF  ION  GENERATORS  ON  MARCH  27,  1980 


2% 
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case 
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3 up 

2 (+2) 

(-2)2 

Ik 
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Stai rs 

2 

1% 

\ 

2(+3) 

(-3)3*5 

R 

Ik  up 

\ 

L_  . 

Util- 

Kl 

Kitchen 

South 

Bedroom 

lloset 

ity 

K2 

up  2' 

\Zk  up 

Bath 

5 (-4) 

(+4)3 

— 

2*5 

2*2 

SBR 

First  Floor  - Apt.  1407  Second  Floor  - Apt.  1407 

Silver  Bow  Homes  Silver  Bow  Homes 


(-)  = negative  ion  generator  sites 

(+)  = positive  field  collector  sites 

R = integrated  radon  sampling  site 
Kl,  K2,  LR,  SBR  = radon  daughter  grab  sample  locations 
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TABLE  D-5 


ION  GENERATORS,  FOUR  POSITIVE  AND  FOUR  NEGATIVE,  LR  & KITCHEN 
APARTMENT  1407  OF  SILVER  BOW  HOMES,  MARCH  27,  1980 


Radon 


Time 

Location 

WL 

pCi/1 

% Equil ibri 

0833 

24.7 

0847 

SBR 

0.048 

0900 

K 

0.078 

32 

0915 

SBR 

0.049 

0930 

K 

0.089 

37 

0933 

23.6 

0945 

SBR 

0.057 

1000 

K 

0.078 

34 

1015 

K 

0.076 

34 

1015 

SBR 

0.065 

1026 

K 

0.083 

37 

1031 

Ion  generators 

on 

1033 

22.2 

1044 

K 

0.051 

24 

1045 

SBR 

0.065 

1101 

K 

0.044 

21 

1115 

SBR 

0.052 

1130 

K 

0.039 

20 

1133 

19.3 

1146 

SBR 

0.056 

1200 

K 

0.034 

18 

1215 

SBR 

0.054 

1227 

LR 

0.029 

16 

(center  at  2‘  height) 

1230 

K 

0.036 

20 

1233 

18.3 

1238 

K 

0.034 

19 

(center  at  2‘  height) 

1245 

SBR 

0.048 

1249 

K 

0.029 

16 

1300 

K 

0.036 

20 

1305 

Ion  generators  off 

1315 

SBR 

0.054 

1330 

K 

0.028 

16 

1333 

17.8 

1345 

SBR 

0.053 

1400 

K 

0.032 

18 

1415 

SBR 

0.050 

1430 

K 

0.042 

24 

1433 

17.8 

1445 

SBR 

0.052 

1500 

K 

0.036 

21 

1533 

17.5 
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FIGURE  D-ll 


RADON  AND  RADON  PROGENY  CONCENTRATIONS  DURING  TEST 
OF  ION  GENERATORS  ON  MARCH  27,  1980 


X Kitchen  Radon  Daughter  Grab  Sample 
O South  Bedroom  Radon  Daughter  Grab  Sample 


pCt/1  • Radon  Integrated  Sample 


CO 
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Percent  Equilibrium 


FIGURE  D- 12 

RADON  PROGENY  EQUILIBRIUM  DURING  TEST 
OF  ION  GENERATORS  ON  MARCH  27,  1980 
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CONCLUSIONS 


The  Department  of  Health  and  Environmental  Sciences  did  not  have 
the  availability  of  adequate  staff  and  resources  to  thoroughly  test  the 
efficiency  of  air  cleaning  devices  for  reducing  radon  progeny  concentra- 
tions in  homes.  Limited  staff  time  resulted  in  some  tests  being  of  such 
short  duration  that  data  generated  were  inconclusive. 

The  portable  electrostatic  precipitators  and  air  filtering  systems 
were  judged  to  be  unacceptable  because  of  the  excessive  noise  and  air 
motion  generated  and  also  because  of  energy  and  maintenance  requirements. 
These  systems  could  possibly  be  used  in  structures  having  ducting  for  air 
conditioning  or  hot  air  heating  where  the  electrostatic  precipitator  or 
air  filter  could  be  installed  as  an  integral  part  of  the  duct  system. 

The  negative  ion  generators  had  the  advantage  of  being  noiseless  and 
also  of  producing  no  air  motion.  Disadvantages  of  the  ion  generators  are 
cost  and  the  need  for  periodic  tests  to  assure  that  the  generators  are 
functioning. 

The  maximum  efficiency  of  the  electrostatic  precipitators  and  the 
air  filtering  systems  for  reducing  radon  progeny  concentrations  was 
approximately  50  percent.  The  efficiency  of  the  negative  ion  generators 
could  possibly  exceed  50  percent  if  a sufficient  number  are  installed. 
Further  testing  would  be  necessary  to  substantiate  this. 

The  filter-type  humidifier  was  judged  to  be  of  no  value  for  reducing 
radon  progeny  concentrations  in  homes. 

The  air  turnover  rate  and  the  rapid  rate  of  ingrowth  of  Radium  A 
(Polonium-218)  are  believed  to  be  the  limiting  factors  in  the  efficiency 
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of  air  filtering  systems  and  electrostatic  precipitators  for  reducing 
radon  progeny  concentrations.  For  instance,  if  an  air  cleaning  system 
were  to  clean  the  air  in  a structure  at  the  rate  of  six  air  exchanges 
per  hour,  the  decay  of  Radon-222  would  produce  approximately  90%  of 
the  Radium  A concentration  between  air  changes. 

It  is  concluded  that  air  cleaning  is  not,  in  most  instances,  a 
practical  method  for  reducing  radon  progeny  concentrations  in  structures 
and  that  the  preferred  method  of  mitigating  hazardous  levels  of  indoor 
radon  progeny  is  to  prevent  the  entry  of  the  parent,  Radon-222,  to  the 
structure. 
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APPENDIX  I 


Radon  Daughter  Grab  Samples 

Radon  daughter  particulates  are  filtered  from  a 20  liter  volume  of 
air.  After  an  appropriate  delay  the  alpha  activity  on  the  filter  is 
measured.  Finally  a calculation  is  made  to  ascertain  the  radon  daughter 
concentration,  in  Working  Levels,  from  the  filter's  alpha  activity. 


I.  Equipment  Used 

A.  Sample  Collection 

1.  Mine  Safety  Appliance  Company,  Model  G,  portable  pump 

2.  Gelman  Instrument  Company,  Delrin  open-faced  25  millimeter 
filter  holders 

3.  Mi  Hi  pore,  type  AA,  0.80  micron  filters 

B.  Sample  Counting 

1.  Ludlum  Measurements,  Inc.,  model  2200,  portable  scaler 

2.  Ludlum  Measurements,  Inc.,  model  43-9,  1-inch  alpha 
sample  counter 

3.  Thorium-230  alpha  radioactive  material  standard 
II.  Equipment  Calibration 

A.  The  portable  pump  with  filter  holder  and  filter  attached  was 

calibrated  weekly  using  a soap-bubble  flowmeter.  The  purpose 

of  the  calibration  was  to  determine  the  pump's  flow  rate  setting 

required  to  provide  an  actual  flow  rate  of  two  liters  per  minute. 

B.  Calibration  of  Sample  Counting  Equipment 

1.  The  Th-230  standard  is  used  to  generate  a graph  of  the  scaler 
high  voltage  versus  counts  per  minute. 

2.  The  high  voltage  at  the  approximate  mid-point  of  the  graph's 
plateau  is  used  as  the  high  voltage  setting  for  all  subsequent 
counting. 

3.  The  average  number  of  counts  per  minute  at  the  above  high 
voltage  setting  divided  by  the  activity  (in  disintegrations 
per  minute)  is  the  counting  efficiency  of  the  counting  system. 
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4.  The  standard  source  is  counted  each  day  the  counting  system 
is  used  to  ensure  that  the  counting  efficiency  does  not 
statistically  change. 

III.  Sample  Collection 

A.  A filter  is  placed  in  the  filter  holder  which  is  then  connected 
to  the  portable  pump. 

B.  A 20-liter  air  volume  is  pulled  through  the  filter  at  two  liters 
per  minute. 

IV.  Sample  Counting 

A.  The  filter  is  placed  in  the  counting  chamber. 

B.  At  least  two  5-minute  measurements  of  the  filter's  alpha  count 
rate  are  made  between  40  and  90  minutes  after  the  sample  was 
taken  (sampling  period  midpoint  to  sample  counting  period  mid- 
poi nt) . 

V.  Radon  Daughter  Concentration 

A.  The  Kusnetz  method  is  used  to  determine  the  Working  Level  (WL) 
concentration  of  radon  daughters  in  the  sampled  air. 

B.  _1_ 
cpm  x EF 

where 

vol  x TF 


= counts  per  minute  measured 

= reciprocal  of  the  previously  determined 
instrument  efficiency  factor 

= total  sample  volume,  in  liters 

= time  factor  for  radon  daughters  from  table  below 


WL 

cpm 

J_ 

EF 

vol 

TF 
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TIME  FACTORS 


Min.  Factor  Min.  Factor  Min.  Factor 


40 

150 

56 

41 

148 

57 

42 

146 

58 

43 

144 

59 

44 

142 

60 

45 

140 

61 

46 

138 

62 

47 

136 

63 

48 

134 

64 

49 

132 

65 

50 

130 

66 

51 

128 

67 

52 

126 

68 

53 

124 

69 

54 

122 

70 

55 

120 

71 

118 

72 

87 

116 

73 

85 

114 

74 

84 

112 

75 

83 

110 

76 

82 

108 

77 

81 

106 

78 

78 

104 

79 

76 

102 

80 

75 

100 

81 

74 

98 

82 

73 

96 

83 

71 

94 

84 

69 

92 

85 

68 

90 

86 

66 

89 

87 

65 

88 

63 

89 

61 

90 

60 
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APPENDIX  II 


2 


Radon  Integrated  Samples 


Integrated  radon  measurements  were  made  using  a calibrated  Eberline, 
model  RGM-1,  radon  gas  monitor.  Air  is  continuously  pulled  through  the 
RGM-1  (adjusted  to  0. 8-1.0  1pm)  and  counted  in  a model  SC-6  scintillation 
cell.  At  a preprogrammed  time  interval  the  unit  prints  the  accumulated 
counts  and  resets  the  counting  circuits. 

The  activity  of  radon  in  a volume  of  air  is  then  determined  by  the 
following  formula: 


counts 

CT 


- bkg 


pCi/1 


CF 


where 


pCi/1 

counts 

CT 

bkg 


CF 


activity  of  radon  in  the  air  in  units  of  pi  cocuries  per  liter 
accumulated  number  of  counts  during  the  counting  period 
counting  period  in  minutes 

instrument  background  expressed  in  counts  per  minute.  The 
instrument  background  is  periodically  checked  by  thoroughly 
purging  the  unit  with  aged  dry  nitrogen  gas  and  then  recycling 
additional  dry  nitrogen  through  the  instrument  for  several  days. 

calibration  factor  of  the  instrument  expressed  as 

counts/minute 

picocuries  per  liter 
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APPENDIX  III 


Radon  Grab  Samples 


Using  a Mine  Safety  Appliance  Company,  model  G,  portable  pump,  at 
least  five  liters  of  air  are  purged  through  an  Eberline,  model  SC-5, 

500  milliliter  scintillation  flask.  The  air  is  passed  through  a Milli- 
pore,  type  AA,  0.8  micron  filter  and  a drying  tube  filled  with  "Drierite" 
before  it  enters  the  flask.  The  flask  is  then  sealed  and  allowed  to 
decay  for  at  least  five  hours  prior  to  counting. 

The  sealed  flask  is  then  placed  in  a calibrated  Eberline,  model  SAC-R5, 
scintillation  alpha  counter  which  is  attached  to  a Ludlum,  model  2200, 
scaler.  High  voltage  (about  1200  volts)  is  applied  to  the  counter  and  at 
least  two  five-minute  counts  are  made. 

The  radon  activity  is  then  calculated  as  follows: 

cpm  - bkg 

pCi/1  = 

(3. 33)Ep  (DF) 

where: 

pCi/1  = radon  activity  expressed  as  picocuries  per  liter 

cpm  = total  counts  in  one  counting  period  divided  by  the 
counting  time  in  minutes 

bkg  = combined  instrument  and  flask  background  expressed 
in  counts  per  minute.  The  instrument  background  is 
checked  each  day  it  is  used.  The  flask  backgrounds 
were  checked  periodically  by  flushing  the  flask  with 
aged  dry  nitrogen  and  counting  the  next  day. 

Ep  = calibration  factor  of  the  individual  flasks  as 

determined  by  the  U.  S.  Bureau  of  Mines  in  Denver, 

Colorado.  The  calibration  factors  for  the  flasks 
are  as  follows: 
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Flask  # EF  Flask  # EF 


1 

0.634 

6 

0.564 

2 

0.553 

7 

0.558 

3 

0.603 

8 

0.581 

4 

0.577 

9 

0.539 

5 

0.574 

10 

0.573 

DF  = radon  decay  factor  derived  from  the  equation 


where: 


DF  = e - 


. 69  3 1 

V 

"2 


e = base  for  natural  logarithms 

t = time  in  hours  between  sample  acquisition  and 

sample  counting 

T,  = half-life  in  hours 


me  (hrs) 

DF 

0 

1.0000 

1 

0.9925 

2 

0.9850 

3 

0.9776 

4 

0.9703 

5 

0.9630 

6 

0.9557 

7 

0.9485 

8 

0.9414 

9 

0.9343 

10 

0.9273 

11 

0.9203 

12 

0.9134 

13 

0.9065 

14 

0.8997 

15 

0.8929 

me  (hrs) 

DF 

16 

0.8862 

17 

0.8796 

18 

0.8729 

19 

0.8664 

20 

0.8599 

21 

0.8534 

22 

0.8470 

23 

0.8406 

24 

0.8343 

25 

0.8280 

26 

0.8218 

27 

0.8156 

28 

0.8095 

29 

0.8034 

30 

0.7973 

31 

0.7913 

me  (hrs) 

DF 

32 

0.7854 

33 

0.7795 

34 

0.7736 

35 

0.7678 

36 

0.7620 

37 

0.7563 

38 

0.7506 

39 

0.7450 

40 

0.7394 

41 

0.7338 

42 

0.7283 

43 

0.7228 

44 

0.7174 

45 

0.7120 

46 

0.7066 

47 

0.7013 

48 

0.6960 

4 
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APPENDIX  IV 


Radon  Indoor  Progeny  Integrating  Sampling  Units  (RIPISU) 


I.  Installation 

A.  Plug  RIPISU  into  live  electrical  outlet,  preferably  one  which  is  not 
controlled  by  a wall  switch. 

B.  Remove  TLD  sampling  head  from  sample  envelope  and  attach  to  end  of 
unit's  air  inlet  hose. 

C.  Enter  sample  location,  RIPISU  number,  date,  clock  timer  reading,  and 
installer's  initials  on  sample  envelope. 

D.  Start  RIPISU  by  pushing  reset  button. 

E.  Attach  rotometer  to  sample  head  and  measure  air  flow  rate. 

F.  Enter  air  flow  and  rotometer  number  on  sample  envelope. 


II.  Removal 

A.  Attach  rotometer  to  sample  head  and  measure  flow  rate  (if  unit  has 
stopped  it  may  be  necessary  to  push  reset  button  while  measuring 

flow  rate) . 

B.  Enter  date,  clock  timer  reading,  air  flow,  rotometer  number  and 
installer's  initials  on  sample  envelope. 

C.  Remove  sampling  head  and  place  head  in  sample  envelope. 

D.  Unplug  and  remove  RIPISU. 


III.  Analysis 

The  sample  head  is  mailed  to  the  U.  E.  Environmental  Protection  Agency 
(EPA)  Las  Vegas  Laboratories  where  it  is  read.  The  EPA  then  reports 
the  results  of  the  measurement  to  the  Department  of  Health  and  Envir 
mental  Sciences. 
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